Similar to other antigen presenting cells, B cells express toll like receptors (TLR). The family
of TLR establishes a combinatorial repertoire to discriminate among a wide spectrum of pathogen-associated microbial molecules 2 . Human B cells express a limited set of TLRs including TLR7 and TLR9 3, 4 . The natural ligands for TLR9 are CpG motifs within microbial DNA [5] [6] [7] . Activation of murine and human B cells by CpG motif containing DNA (CpG DNA) is well established 8, 9 . In fact, CpG motifs were discovered based on B cell stimulation 10 , and B cells were the first immune cell subset in humans identified to respond to CpG DNA in a CpG-specific fashion 11, 12 .
In humans, the only other cell type identified so far that expresses TLR9 is the plasmacytoid dendritic cell (PDC). The PDC is characterized by the production of high amounts of type I IFN (IFN-and IFN-) upon viral infection. CpG DNA represents a unique microbial molecule recognized by PDC leading to activation and maturation of PDC [13] [14] [15] [16] . Different classes of CpG oligonucleotides have been identified. CpG-A (prototype ODN 2216 17 ) induces the production of large amounts of type I IFN in PDC. Despite its potent IFNinduction in PDC, CpG-A is not recognized by human B cells 18 . In earlier studies, other CpG only.
For personal use at PENN STATE UNIVERSITY on February 22, 2013 . bloodjournal.hematologylibrary.org From ODN were developed based on the activation of human B cells (CpG-B, prototype ODN 2006 11 ). This class of CpG ODN is poor at inducing IFN-in PDC. Recently a new group of CpG ODN sequences (CpG-C) was identified which induces high levels of IFN-in plasmacytoid dendritic cells while retaining the ability of directly activating B cells 18, 19 .
CpG-C provides an excellent tool to study the functional consequence of TLR-mediated stimulation of B cells and PDC. Two independent aspects of B cell biology prompted us to study the interaction of B cells with PDC. First, IFN-was found to potently enhance humoral immunity 20 , and second, a number of studies highlighted an important role for dendritic cells of the myeloid lineage in regulating B cell differentiation by soluble factors 21 and via cell-tocell contact 22 . In the present study we identified the functional activity for PDC to license B cells to undergo plasma cell differentiation and immunoglobulin production without a requirement for T cell help.
Materials and Methods

Media and Reagents
The medium used throughout was RPMI 1640 (PAA laboratories, Linz, Austria) supplemented with 10 % (v/v) heat-inactivated (56°C, 30 min) fetal calf serum (FCS, HyClone, Logan, UT), 1.5 mM L-glutamine, 100 U/ml penicillin and 100 µg/ml streptomycin (Sigma, Munich,Germany B ODN 2006 5´ TCG TCG TTT TGT CGT TTT GTC GTT 3´was used for selective microbial stimulation of B cells while minimizing IFN-secretion by small amounts of contaminating PDC (< 0.01 % contaminating PDC in isolated B cells are sufficient to produce relevant amounts of IFN-in response to CpG-C ODN). ODN were dissolved in TE buffer.
ODN were used at a final concentration of 3.0 µg/ml unless indicated otherwise.
Isolation of cells
Human peripheral blood mononuclear cells (PBMC) were obtained from buffy coats provided by the blood bank of the University of Greifswald (Greifswald, Germany). Cells were 
Flow cytometry
At the time points indicated, surface antigen staining was performed as described previously.
Fluorescence-labeled monoclonal antibodies (mAb) against human CD20 and CD38, CD40, CD86, HLA-DR, CD123, CD11c, BDCA-2, and appropriate isotype control antibodies, were purchased from Pharmingen/Becton Dickinson (Heidelberg, Germany). Flow cytometric data were acquired on a Beckton Dickinson FACS Calibur equipped with two lasers (excitation at 488 and 635 nm wavelength). Data were analyzed using Cellquest software (Becton Dickinson).
Detection of cytokines by ELISA
The following ELISAs were used: human IL-6 OptEIA ELISA, range 4.7 -300 pg/ml, human IL-10 OptEIA ELISA, range 7.8 -500 pg/ml, human TNF-OptEIA ELISA range 7.8 -500
only.
For personal use at PENN STATE UNIVERSITY on February 22, 2013. bloodjournal.hematologylibrary.org From pg/ml (all from BD Pharmingen) and the IFN-alpha module set (Bender MedSystems, Vienna, Austria) detection range 8 -500 pg/ml. Detection of immunglobulins in tissue culture supernatant was measured after 13 days by IgM and IgG ELISA (Bethyl. Laboratories.Inc., Montgomery, TX, USA).
RT-PCR
Purified peripheral blood B cells were stimulated as indicated. After 12 hours cells were lysed and RNA was extracted using the total RNA isolation kit (High pure; Roche, Mannheim, Germany). Real time PCR was performed as described 4 . The copy number of the different TLRs was normalized by the housekeeping genes -actin and cyclophilin-B and is presented as number of transcripts per 10 3 copies of cyclophilin B.
Statistical analysis
Data are expressed as means ± SEM. Statistical significance of differences was determined by the paired two-tailed Student's t-test. Differences were considered statistically significant for p < 0.05. Statistical analyses were performed using StatView 4.51 software (Abacus Concepts
Inc., Calabasas, CA). For personal use at PENN STATE UNIVERSITY on February 22, 2013. bloodjournal.hematologylibrary.org From and differentiation, B cells separated from PDC by the transwell system (Fig. 3, hatched bars) still expressed higher levels of CD86, IL-6 and IL-10 as compared to B cells incubated in the absence of PDC (Fig. 3, open bars) . This suggested a contribution of soluble mediators.
Results
Plasmacytoid dendritic cells synergistically increase B cell activation in response to
IL-10 has been reported to inhibit PDC function. Since B cells stimulated with CpG-C and anti -Ig released IL-10 (see Fig. 2 
Plasmacytoid dendritic cells support plasma cell differentiation and immunoglobulin production in peripheral blood B cells
Plasma cell development is characterized by downregulation of CD20 and upregulation of CD38. The generation of plasma cells was strongly increased when CpG-C-and anti-Igstimulated B cells were cocultured with PDC ( Fig. 6A and 6B) . Consistent with the frequency of developing plasma cells, the highest levels of IgM and IgG were found in cocultures of B cells and PDC stimulated with CpG-C and anti-Ig (Fig. 6C) .
PDC trigger plasma cell development and IgM production in both naive and memory B cells, and IgG production in memory B cells
Naive and memory B cells were sorted from PBMC. In the absence of PDC, combined stimulation with anti-Ig and CpG-C was not sufficient to trigger plasma cell development in naive B cells (Fig. 7A and 7B, left panel) . However, in the presence of PDC a considerable proportion of naive B cells downregulated CD20 and upregulated CD38 (characteristic for plasma cell development) (Fig. 7 A, left panel) . Developing plasma cells (CD20-CD38+) showed downregulated levels of MHC II as compared to CD20+ CD38-cells (Fig. 7A, histograms). Plasma cell development in cocultures of PDC with naive or with memory B cells was associated with the production of high levels of IgM (Fig. 7C) . IgG synthesis was largely restricted to cocultures of PDC and memory B cells (Fig. 7C) . Together these data demonstrate that CpG, anti-Ig and the coculture with PDC are sufficient to allow naive B cells to undergo plasma cell differentiation and IgM production and secretion.
Discussion
Here we report a T cell independent pathway of plasma cell development that involves In the literature, IL-12 secreted by CD40L-activated myeloid dendritic cells has been identified as a key soluble factor that supports differentiation of naive B cells into only.
For personal use at PENN STATE UNIVERSITY on February 22, 2013. bloodjournal.hematologylibrary.org From immunoglobulin secreting plasma cells 21 . Importantly, in that study not only myeloid dendritic cells but also naive B cells required additional stimulation with CD40L. Other studies suggested a role of dendritic cells of the myeloid lineage in plasma cell development 24, 25 . However, in all of the above studies on the interaction of myeloid dendritic cells and B cells, the addition of exogenous T cell-derived stimuli such as CD40L or IL-2 or IL-10 was necessary for the induction of plasma cell differentiation. In our study, T cell-derived stimuli were not required for the induction of plasma cell differentiation by PDC. 20 .
It is known that T cell help (CD40L) is responsible for endogenous production of IL-10 and IL-6 in B cells, and that both cytokines play a critical role in the differentiation of CD40-activated B cells 27 . In our study, PDC seem to substitute for this aspect of T cell help by synergistically increasing the production of both IL-6 and IL-10 in CpG-stimulated B cells. Thus, under certain circumstances, plasma cell differentiation can be a helper T cell independent phenomenon. Of note, in a recent publication, T cell help was required for plasmacytoid dendritic cells to induce plasma cell differentiation 29 . In that publication, influenza virus was used to induce IFN-production in PDC, and CD40L was used to activate B cells. In our study, CpG-C seems to substitute for viral stimulation of PDC and for CD40L- It has been reported that mice that lack T cell help (MHC II knockout mice) are still capable of mounting a neutralizing IgM response against the glycoprotein of vesicular stomatitis virus (VSV); in contrast to IgM, IgG was found to be strictly dependent on CD4 T cell help 28 .
For For personal use at PENN STATE UNIVERSITY on February 22, 2013. bloodjournal.hematologylibrary.org From useful for activating memory B cells in order to maintain or improve serological memory in a non-antigen specific manner. Such an effect has been shown for activated T cells (providing CD40L) in the context of vaccination with unrelated antigens 30 .
In conclusion, our results establish a role of PDC in B cell differentiation. In addition to the premise of CpG-C as humoral vaccine adjuvant, polyclonal B cell activation in the absence of antigen may be useful to support serological memory in an antigen non-specific way.
However, the potential of CpG-C to induce autimmunity should be closely followed.
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